Sleep can serve as both cause and consequence of individuals' everyday experiences. We built upon prior studies of the correlates of sleep, which have relied primarily on cross-sectional data, to examine the antecedents and consequences of sleep using a daily diary design. Specifically, we assessed the temporal sequence between nightly sleep and daily psychosocial stressors. Parents employed in a US information technology company (n = 102) completed eight consecutive daily diaries at both baseline and 1 year later. In telephone interviews each evening, participants reported on the previous night's sleep hours, sleep quality and sleep latency. They also reported daily work-to-family conflict and time inadequacy (i.e. perceptions of not having enough time) for their child and for themselves to engage in exercise. Multi-level models testing lagged and non-lagged effects simultaneously revealed that sleep hours and sleep quality were associated with next-day consequences of workto-family conflict and time inadequacy, whereas psychosocial stressors as antecedents did not predict sleep hours or quality that night. For sleep latency, the opposite temporal order emerged: on days with more workto-family conflict or time inadequacy for child and self than usual, participants reported longer sleep latencies than usual. An exception to this otherwise consistent pattern was that time inadequacy for child also preceded shorter sleep hours and poorer sleep quality that night. The results highlight the utility of a daily diary design for capturing the temporal sequences linking sleep and psychosocial stressors.
Sleep can serve as both cause and consequence of individuals' everyday experiences. We built upon prior studies of the correlates of sleep, which have relied primarily on cross-sectional data, to examine the antecedents and consequences of sleep using a daily diary design. Specifically, we assessed the temporal sequence between nightly sleep and daily psychosocial stressors. Parents employed in a US information technology company (n = 102) completed eight consecutive daily diaries at both baseline and 1 year later. In telephone interviews each evening, participants reported on the previous night's sleep hours, sleep quality and sleep latency. They also reported daily work-to-family conflict and time inadequacy (i.e. perceptions of not having enough time) for their child and for themselves to engage in exercise. Multi-level models testing lagged and non-lagged effects simultaneously revealed that sleep hours and sleep quality were associated with next-day consequences of workto-family conflict and time inadequacy, whereas psychosocial stressors as antecedents did not predict sleep hours or quality that night. For sleep latency, the opposite temporal order emerged: on days with more workto-family conflict or time inadequacy for child and self than usual, participants reported longer sleep latencies than usual. An exception to this otherwise consistent pattern was that time inadequacy for child also preceded shorter sleep hours and poorer sleep quality that night. The results highlight the utility of a daily diary design for capturing the temporal sequences linking sleep and psychosocial stressors.
IN TROD UCTI ON
Sleep is central in everyday life, and can be both a predictor and outcome of daily experiences. For example, psychosocial stressors, such as interpersonal tensions and work demands, influence sleep (Barnes, 2012; Berkman et al., 2010) , and sleep is also linked to perceptions of stressors (McEwen, 2006; Sonnentag et al., 2008) . Most of this research has used cross-sectional or retrospective designs, approaches that are unable to capture the temporal sequencing between nightly sleep and daily experiences. Using longitudeinal daily diary data involving consecutive nightly telephone interviews with mid-life, employed parents, this study examined the daily antecedents and consequences of nightly sleep: specifically, sleep hours, quality and latency.
Work-to-family conflict and time inadequacy are psychosocial stressors that may affect or be affected by sleep patterns. Work-to-family conflict occurs when demands from work interfere with family and personal life (Netemeyer et al., 1996; Voydanoff, 2005) and is associated negatively with employees' sleep Buxton et al., 2016; Crain et al., 2014) . Time inadequacy refers to perceptions of not having enough time for one's family and personal life (Hill et al., 2013; Lee et al., 2015) . Specifically, inadequate time to be with one's child is a common stressor, experienced by many employed parents who are juggling work and family roles (Milkie et al., 2004) . Time inadequacy for self is a significant barrier to self-care behaviours, including being more physically active and less sedentary (American Psychological Association, 2012); recent evidence shows that time inadequacy for exercising impairs daily wellbeing (Lee et al., in review) . Despite its potential implications, we know little about the associations between time inadequacy and sleep. This study focused upon three key psychosocial stressors-daily work-to-family conflict, daily time inadequacy for child and daily time inadequacy to engage in exercise-all of which may be linked negatively with employed parents' nightly sleep.
Some prior research using retrospective survey designs suggests bidirectional links between sleep and stressors, with important implications for future health outcomes (Benham, 2010) . In this study we aimed to advance understanding of the temporal directionality between sleep and psychosocial stressors, relationships that may vary across sleep variables. Sleep hours and sleep quality reflect replenishment of resources (e.g. energy level, cognitive recovery) and thus may relate to the next day experiences, including perceptions of daily stressors. Sleep latency refers to the time it takes to fall asleep and may relate to the current day's worries and concerns. Previous studies suggest that sleep hours and sleep quality may lead to next-day stressors, whereas daily stressors may lead to sleep latency that night. For example, laboratorybased experimental studies report that previous night's sleep deprivation predicts poorer executive functioning the next day (Nilsson et al., 2005; Sonnentag et al., 2008) . Research using ambulatory polysomnography shows that more bedtime worries and concerns predict longer time to non-rapid eye movement (NREM) Stage 3 from sleep onset (Akerstedt et al., 2007) . These studies, however, did not rule out the opposite order, leaving a gap in understanding the temporal directionality between psychosocial stressors and sleep. Considering the potential for mutually reinforcing effects of sleep and daily stressors, it is necessary to apply a rigorous analytical approach that can test whether and how temporal directionality varies across sleep variables.
Our study design involved 8 days of assessment and enabled testing each direction of effect, controlling for the other direction. Recent work testing temporal directions separately suggests that nights of longer sleep hours and better sleep quality predicted perceiving fewer stressors or less negative affect the next day; however, stressors or affect did not predict same-night sleep hours or quality (Bouwmans et al., 2016; Sin et al., 2015) . Advancing that work, the current study tested simultaneously the two competing directions (i.e. sleep ? daily stressor and daily stressor ? sleep) in single, lag-based analytical models (Starr and Davila, 2012) . For example, we tested whether sleep hours and sleep quality preceded perceived stressor experiences the next day, after controlling for the effects of daily stressors predicting same-night sleep hours and sleep quality. Moreover, our daily diary data allow for examination of ecologically valid, naturally occurring specific types of psychosocial stressors important for employed parents (i.e. daily work-to-family conflict, daily time inadequacy for child and for self to engage in exercise) and their associations with nightly sleep (Bolger et al., 2003) . Based on these previous findings, it is plausible to expect (Fig. 1 ) that shorter sleep hours and lower sleep quality (both linked to less replenishment) would precede more work-tofamily conflict and/or time inadequacy the next day, but that more work-to-family conflict and/or time inadequacy on a given day would precede longer sleep latency that night (signalling worry). However, given that rigorous tests of temporal directionality are limited, we explore bidirectional links systematically.
METH OD Participants
Data came from the Work, Family and Health Study (Bray et al., 2013; King et al., 2013) . Researchers partnered with the information technology (IT) division of a US Fortune 500 company, and IT employees working in the metropolitan areas with the two largest workforces were invited to participate in the study. Field interviewers administered face-to-face, computer-assisted personal interviews (CAPI) to employees at the workplace between September 2009 and September 2010 to collect data on demographic and work characteristics.
Among 823 employees who completed a baseline CAPI workplace interview, 209 parents who had children aged 9-17 years were eligible and invited to participate in a diary study (the child closest to age 13 was the target child). Of these, 131 participated at baseline (62.7% response rate) and 102 completed a follow-up assessment 12 months later (77.9% retention rate). The attriters (n = 29) and non-attriters (n = 102) did not differ on demographics, including age, gender, marital status and household income. Analyses focused on the 102 employed parents who provided longitudinal daily diary data.
At baseline, participants' mean age was 45.19 [standard deviation (SD) = 5.87]; 54% were men; 79% had completed 4 years of college or more and 20% had some college (1-3 years) or technical school; and mean annual household income was in the $120 000-129 999 range. Participants worked 511.80 (SD = 71.92) min or 8.53 h per day during the diary week. Most (83%) worked a regular daytime schedule; the rest worked variable schedules (that changed day-to-day, but not night or evening shift, per se). Mean number of children was 2.11 (SD = 1.17), and children averaged 13.32 years of age (SD = 2.26).
Procedure
The diary data collection took place during the month following the workplace CAPI interview. Participants were telephoned on eight consecutive evenings and asked about their daily experiences for the past 24-h period or from 09:99 hours on the previous day for the first call. Each call lasted approximately 20 min, and participants received ª 2016 European Sleep Research Society $150 at baseline and $250 at the 12-month follow-up for their participation. After the baseline interviews a workplace intervention was implemented, which aimed to decrease employees' work-family conflict through increasing supervisor support and schedule control Kossek et al., 2014) . Testing the intervention's effects was not the focus of the current study (and no significant effects emerged for the sleep measures used here); however, we controlled for intervention participation in the analyses. This study was approved by appropriate Institutional Review Boards and conducted in accordance with the Declaration of Helsinki.
Daily diary measures

Sleep hours
Each evening, respondents were asked: 'How many hours did you sleep last night?', with allowed responses in hours and minutes. We also conducted supplementary tests of sleep duration by calculating time in bed as the number of minutes between participants reports of time going to bed ('What time did you go to bed last night?') and waking up ('What time did you wake up this morning?).
Sleep quality
We used one item adapted from the Pittsburg Sleep Quality Index (PSQI; Buysse et al., 1989) : 'How would you rate (your/last night's) sleep quality overall?'. Responses ranged from 1 (very badly) to 4 (very well), with higher scores indicating higher quality.
Sleep latency
Sleep latency was measured by one item from the PSQI (Buysse et al., 1989) , asking: 'How long did it take you to fall asleep?'. Responses were coded in minutes.
Work-to-family conflict
We used the mean of a five-item scale adapted from Netemeyer et al. (1996) , e.g.: 'Since this time yesterday, how much did the demands of your work interfere with your family or personal life?'. Responses ranged from 1 (not at all) to 4 (a lot), with higher scores reflecting greater conflict. These questions were asked only if participants had worked in the previous 24 h. Reliability was calculated at both the between-and within-person (across days) levels (Cranford 
Time inadequacy
Participants rated two items from the Family Resource Scale-Revised (Van Horn et al., 2001) to report on perceived time inadequacy for child and self, e.g.: 'Since this time yesterday did you feel that you did not have enough time: to be with your (target) child? to exercise?'. Responses ranged from 1 (strongly disagree) to 5 (strongly agree), with higher scores reflecting higher time inadequacy.
Covariates Sociodemographic, work and family characteristics may relate to work-to-family conflict and time inadequacy as well as sleep (Burgard, 2011; Maume et al., 2010) , so we controlled for age (in years), gender (0 = men, 1 = women), marital/partner status (0 = unmarried, 1 = married or living with a partner), race (0 = non-white, 1 = white), educational level (0 = less than college graduate, 1 = college graduate or more), number of children and target child's age (in years) and gender (0 = boy, 1 = girl). An organizational merger in the IT firm was announced, when approximately half the employees had received the intervention and the other half had not, so we controlled for potential merger effects (0 = intervention premerger, 1 = intervention postmerger). Moreover, parents' work schedule control (mean = 3.58, SD = 0.74), work hours in minutes (mean = 511.82, SD = 71.74) and the proportion of their workdays across diary days (mean = 0.75, SD = 0.09) were included to take into account their work-related resources and time availability (Basner et al., 2007) . Lastly, we considered potential differences as a function of intervention condition (0 = control, 1 = intervention), time of measurement (0 = baseline, 1 = 12 months), day-of-week (0 = Sunday to 6 = Saturday) and the previous night's sleep responses in the models. All continuous variables were centred at sample means.
Data analysis
We used multi-level modeling in SAS version 9.4 to take into account the clustered data structure: 1632 daily observations across the two waves of measurement (i.e. baseline and 12 months) clustered within 102 individuals (Bryk and Raudenbush, 1992) . Three-level models with a specific variance classification (i.e. a first-order autoregressive variance structure) accounted for the fact that consecutive sleep observations within each wave might be correlated more highly than non-consecutive observations. Two waves of data provided more statistical power to test simultaneously two temporal sequences with both lagged and unlagged variables, because the first day's reports at each wave are missing in a lagged design. To test our hypotheses about the temporal sequence between nightly sleep and daily stressors, variances for key measures were decomposed to withinperson (WP; level-1) and between-person (BP; level-2) levels. WP variables were centred at the person mean, such that positive values indicate scores higher than the person's own cross-time average. BP variables were centred at the sample mean, such that positive values indicate higher scores than others in the sample. We modelled sleep hours, sleep quality and sleep latency separately in each multi-level model, including work-to-family conflict, time inadequacy for child or time inadequacy for self in the equation (nine sets of analyses). For example, the level-1 model for nightly sleep hours in relation to daily work-to-family conflict (without covariates) was specified as:
Because sleep hours reported on a given day were about last night's sleep, the day of sleep hours was d-1 in relation to other daily variables. Here, b 0i represents person i's intercept, which is the function of the sample mean (c 00 , intercept), the effect of the BP level work-to-family conflict (c 01 ) and random deviations of person i's mean from the sample mean (l 0i ). b 1i represents whether the prior night's (i.e. the night before last night's) sleep hours on day d-2 (i.e. a 1-day lag) predict sleep hours on day d-1 (see also Fig. 1 ). b 2i indicates whether changes in sleep hours on day d-1 (residualized gains after controlling for b 1i ) are associated with work-to-family conflict on day d (after controlling for b 3i ). b 3i indicates whether work-to-family conflict on day d-1 (i.e. a 1-day lag) is associated with changes in sleep hours from the night before to that night (i.e. on d-1, after controlling for b 2i as well as b 1i ). Residual error, e di , denotes random variation of person i on the dth day from person i's mean. Testing both b 2i and b 3i simultaneously in a single model allows us to determine whether sleep hours-and also sleep quality-precede the next-day stressors (b 2i ) or whether daily stressors precede same-night sleep hours or sleep quality (b 3i ). Similarly, nightly sleep latency was modelled in relation to daily work-to-family conflict, time inadequacy for child or for self to exercise. The simplified model (without covariates) for nightly sleep latency in relation to daily time inadequacy was specified as:
As shown in Fig. 1 , . b 2i indicates whether sleep latency precedes time inadequacy the next day, after controlling for b 3i indicating that time inadequacy (i.e. a 1-day lag) precedes same-night sleep latency, and vice versa. work-to-family conflict, time inadequacy for child and self and sleep variables suggested that high proportions of the variability in these variables were due to day-to-day fluctuations rather than between-person differences, which meant that it was appropriate to test temporal directionality between them. After adjusting for all the covariates, in model 2 (Table 3 ) sleep hours and sleep quality the previous night were associated with current day work-to-family conflict: on days following shorter sleep hours or lower sleep quality than usual, participants reported higher work-to-family conflict than usual. Sleep latency, however, was linked to same-day work-to-family conflict: it took longer to fall asleep on nights when participants had experienced greater work-to-family conflict during the course of the day. These effects were found after controlling for the opposite temporal sequence, which was not significant.
Daily time inadequacy variables were added in models 3 and 4 (Table 4) . As with work-to-family conflict, the previous night's sleep hours and sleep quality predicted current daytime inadequacy: on days following shorter sleep hours or lower sleep quality than usual, participants reported higher time inadequacy for their child and for themselves to exercise. In the case of time inadequacy for child, the opposite temporal sequence was also significant: parents reported shorter sleep hours and lower sleep quality than usual when they had experienced higher time inadequacy for their child during the course of that day. With respect to sleep latency, the temporal pattern was also that time inadequacy predicted sleep: participants reported longer sleep latencies on nights following days with higher time inadequacy both for their child (at trend level) and for themselves to engage in exercise. In sum, shorter sleep hours and lower sleep quality were more consistent predictors of daily stressors, whereas daily stressors predicted longer sleep latencies more consistently. Additionally, our supplementary analyses with calculated sleep duration (i.e. time in bed) revealed an essentially identical pattern (Table 5) .
DI SCUSSION
Using a daily diary design, this study examined the temporal sequence linking nightly sleep and daily psychological stressors in a sample of employed parents. We expected two different temporal sequences to emerge for different sleep variables. For sleep hours and quality-which reflect replenishment of resources (Sonnentag et al., 2008) -we found that these sleep variables preceded perceptions of stressors in general, with one exception: that more time inadequacy for child also preceded shorter sleep hours and poorer quality that night. For sleep latency-which may be influenced by the days' worries and concerns (Akerstedt et al., 2007) -we found that more work-to-family conflict and time inadequacy preceded longer sleep latencies. Our results shed new light on the links between sleep and daily psychosocial stressors. Our findings also underscore the importance of including multiple measures of sleep in studies aimed at illuminating the significance of sleep in health. Confidence in the pattern of results is strengthened by our use of lagged variables within a daily diary design, which allowed us to assess sleep-stressor links on the same day and from one day to the next day after taking into account between-person differences (Bolger et al., 2003; Lee and Almeida, 2016) .
Sleep hours and quality precede daily stressors
Experimental studies reveal that sleep loss leads to performance declines and physiological abnormalities (Meier-Ewert et al., 2004; Pejovic et al., 2013; Vgontzas et al., 2004) . We know little, however, about the everyday ecology of sleep-that is, how variations in nightly sleep affect daily experiences of stressors within naturalistic settings. Using daily diary data, this study documented that poorer sleep, indexed as shorter sleep hours and lower sleep quality, led to perceptions of more work-to-family conflict and time inadequacy on the next day. These findings are consistent with the idea that sleep can replenish resources and are also important given research that such daily stressors may have implications for longterm health. For example, work-to-family conflict is a risk factor for cardiometabolic disease , and time inadequacy is a significant barrier to engaging in health behaviours (American Psychological Association, 2012) . Our findings suggest that their links to health may be due, at least in part, to their implications for sleep replenishment. It is noteworthy that average work-to-family conflict was not linked with any of the sleep variables examined in this study, but within-person associations between sleep and work-to-family conflict emerged beyond between-person level associations. For example, people who reported more work-to-family conflict, on average, did not report shorter sleep hours than people who had less work-to-family conflict. However, the effects of work-tofamily conflict occurred on an occasion-by-occasion basis, such that individuals reported more work-to-family conflict than usual on days following nights with shorter sleep than usual. Note, however, that we also found that the links between time inadequacy for child and sleep hours and sleep quality were reciprocal. Time inadequacy for child is a salient stressor for parents (Milkie et al., 2004) , and our findings suggest that a salient daily stressor can both ª 2016 European Sleep Research Society Autocorrelation [AR(1)] function was used to specify a first-order autoregressive variance structure, such that consecutive sleep observations (within each burst) are correlated more highly than non-consecutive observations; SE: standard error. † P < 0.10, *P < 0.05, **P < 0.01, ***P < 0.001. A total of 1632 daily observations were clustered within 102 employees who provided daily diaries both at baseline and 12-month follow-up; 834-791 observations were used in the analyses because only workdays were included, and also because the lagged design excluded the first day's reports at each wave; covariates from model 1 (in Table 1 ) were retained in model 2.
1 Autocorrelation [AR(1)] function was used to specify a first-order autoregressive variance structure, such that consecutive sleep observations (within each wave) are correlated more highly than non-consecutive observations; SE: standard error. † P < 0.10; *P < 0.05; **P < 0.01; ***P < 0.001. 
Daily stressors precede sleep latency
In the opposite direction, more work-to-family conflict and time inadequacy on a given day preceded longer sleep latency that night. Previous research has documented that psychological stress is related directly to sleep latency, but has not established direction of effect (Akerstedt et al., 2007; Drake et al., 2004) . By testing simultaneously two temporal sequences in a single model, we found that parents who experienced more stressors on a given day took longer to fall asleep that night-but not the reverse. That is, taking longer to fall asleep was an outcome of daily stressors, rather than a predictor of stressors the next day. Taken together, our study reveals that sleep reflects not only an antecedent of a variety of daily stressors critical to health, but also an outcome of daily stressors.
Limitations
In the face of this study's contributions, some limitations suggest directions for future research. First, the sample was selected purposively from an IT firm, and thus our A total of 1632 daily observations were clustered within 102 employees who provided daily diaries both at baseline and 12-month follow-up; 1380-1291 observations were used in the analyses because of missing values in variables and also because the lagged design excluded the first day's reports at each wave; covariates from model 1 (in Table 1 ) were retained in models 3 and 4.
1 Autocorrelation [AR(1)] function was used to specify a first-order autoregressive variance structure, such that consecutive sleep observations (within each wave) are correlated more highly than non-consecutive observations; SE: standard error. † P < 0.10, *P < 0.05, **P < 0.01, ***P < 0.001.
ª 2016 European Sleep Research Society findings may not generalize to employed parents in other contexts. Moreover, our sample is relatively privileged in education and income compared to other US workers. Future research should examine these processes in other groups of workers, including employed parents with less education and income. Related to the measurement of time adequacy, we were only able to include perceptions of time adequacy for children and exercise, but other perceptions of time inadequacy should be examined in future studies, given prior work indicating negative between-person relations between sleep quantity and other activities such as socializing and grooming (Basner et al., 2014) . Furthermore, this study used self-reports to measure daily work-to-family conflict, time inadequacy and nightly sleep, which poses a potential risk for a commonmethod bias (Podsakoff et al., 2003) . Although we focused upon within-person variations after controlling for between-person associations, future research may benefit from incorporating more objective markers of sleep, such as actigraphy.
Clinical implications
Our findings underscore the importance of understanding daily stressors in treatments for patients with sleep disorders. For example, daily worries about work and family and interpersonal conflicts may exacerbate sleep difficulties for individuals with insomnia. The negative effects of these types of daily stressors may accumulate over time to contribute to the development of insomnia. Indeed, a key message to communicate to patients A total of 1632 daily observations were clustered within 102 employees who provided daily diaries both at baseline and 12-month follow-up; 834-791 observations were used in model 1 because only workdays were included, and 1380-1291 observations were used in models 3 and 4 because the lagged design excluded the first day's reports at each wave; Covariates from model 1 (in Table 1 ) were retained.
1 Autocorrelation [(AR(1)] function was used to specify a first-order autoregressive variance structure, such that consecutive sleep observations (within each wave) are correlated more highly than non-consecutive observations; SE: standard error. † P < 0.10, *P < 0.05, **P < 0.01, ***P < 0.001.
ª 2016 European Sleep Research Society in cognitive therapy may be: 'Do not blame insomnia for all daytime impairments because there may be other explanations (worries about family, conflicts with coworkers) for these deficits' (Morin et al., 2017) . Extending this approach using the current findings, CBT-I (Cognitive Behavioral Therapy for Insomnia) could include a direct and systematic evaluation of daily work-to-family conflict and time inadequacy for child and self to identify potentially modifiable perceptions and experiences that affect insomnia.
CONCLUSI ON S
We found that shorter sleep hours and lower sleep quality (but not shorter sleep latency) tended to lead to more stressors on the following day. In contrast, daily stressors preceded longer sleep latencies that night, but did not precede nights with short sleep duration or poor sleep quality. One exception to this consistent pattern was that more time inadequacy for child also preceded shorter sleep hours and poorer quality that night. Strengths of this study include a daily diary design, which sampled multiple assessments with ecological validity, and an analytical approach that tested simultaneously two directions of effects. At the most general level, our findings suggest that nightly sleep should be considered as the core of a daily health-stress model. By identifying daily antecedents and consequences of sleep, we will be able to target interventions to improve individual health more effectively.
